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TITLE 



DEVICE FOR GROWING CRYSTAL 




ABSTRACT : PURPOSE: In the crystal growth of a semiconductor of lll-V group compound, to grow the 
crystal under good control, by setting a heating element in a zone to which a V group 
compound gas Is introduced, decomposing it thermally, feeding it as a gas to a crystal 
growing zone. 

CONSTITUTION: A supporter 2 is set in the reaction tube 1 made of quartz, the substrate 
4 for growing crystal is placed on it, and the heating RF coil 3 is fixed to the outside of the 
reaction tube 1 . The reaction tube 1 is equipped with the inlet 5 for introducing an MO 
(organometallic) material gas, an organometallic compound diluted with H2 is introduced 
into it, and it is equipped with the inlet 6 for introducing a V group compound gas, and the 
heating chamber T equipped with the heating element 7 is set In the reaction tube. When 
PH3 is introduced from the inlet 6 and the heating element 7 is heated at about 600°C, 
PH3 is converted into gaseous P4 and H2. P4 is reacted with a metal such as In which is 
formed by decomposing thermally the MO material gas on the surface of the substrate 4 to 
precipitate InP. consequently, a crystal with improved controlling properties can be grown. 
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SPECIFICATION 

TITLE OF THE INVENTION 
CRYSTAL GROWING DEVICE 
Claim: 

A crystal growing device for growing the crystal of a 
compound semiconductor of Group III and V elements, produced 
from organometallic compounds, characterized in that the 
heating element is provided in the region where the compound 
of Group V element is introduced, to pyrolyze the 
organometallic compound gas of Group V element and pass the 
elementary gas of Group V as the pyrolysis product into the 
crystal growing region. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention relates to a crystal growing device, in 
particular a crystal growing device for epitaxial growth of 
a compound semiconductor by the so-called MO-CVD method based 
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on pyrolysis of an organic metal. 

The MO-CVD method has been suddenly realized again recently 
as a new epitaxial growth technique for the compound 
semiconductor crystals of Group III and V. It sends an 
alkylated compound of a Group III element and hydrogenated 
compound of a Group V element onto a substrate kept at an 
adequate temperature, on which they are pyrolyzed to grow a 
necessary compound of the Group III and V elements. The 
alkylated compound of the Group III element is thermally 
unstable enough to be easily pyrolyzed. As such, it is readily 
pyrolyzed in a reaction system, when there is a hot portion 
therein. Therefore, an externally heating type resistance 
furnace is not generally used as the reaction furnace, and a 

device, e.g., RF furnace, which selectively heats the 

r 

substrate portion is a normal choice. 

Elements of good characteristics are grown by the MO-CVD 
method for GaAs RF elements and AlGaAs/GaAs semiconductor 
lasers. However, for inGaAsP-based lasers, which operate in 
a long wavelength band, the MO-CVD method does not always 
produce satisfactory results. This conceivably results from 
the reaction proceeding at low temperature to produce a complex 
of triethyl indium (TEIn) as an alkylated compound of indium 
and PH3 or AsHj, although not fully substantiated. 

Therefore, a device has been developed to prevent the 
complex- forming reaction. It is designed to pretreat PH3 by 
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pyrolysis to send it as the elementary phosphorus gas into the 
reaction tube. This method adopts an additional step of 
pyrolysis furnace upstream of the reaction tube, through which 
PH3 is allowed to pass. The resultant phosphorus in the foxrm 
of P4 vapor is passed into the reaction tube, to produce the 
InGaAsP crystal therein. 

In this device, however, P4 has to pass through a section 
of lower temperature before reaching the reaction tube, with 
the result that most of P4 separates out as the solid on the 
pipe or the like leading to the reactor tube. This is not 
desirable for controlling As/P ratio in the crystal. In other 
words, it is very difficult to accurately control quantity of 
phosphorus separating out on the pipe walls or the like, and 
hence to accurately control quantity of P4 passed into the 
reactor tube. This leads to an inaccurate As/P ratio in the 
reactant gas and hence in the crystal. At the same time, this 
should greatly affect growth rate of the crystal and 
characteristics of the crystal itself. Even when the 
downstream of the pyrolysis furnace is heated in an attempt 
to prevent separation of P, the crystal will separate out at 
the point where the organometallic compound is introduced, to 
reduce epitaxial growth of the crystal onto the substrate 
crystals . 

It is an object of the present invention to provide a crystal 
growing device which can grow the crystals, e.g., InGaAsP 
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crystal, in a well-controlled manner while preventing the 
problems involved in the conventional device. 

The principles of this invention is described by referring 
to the attached drawings. Fig.l illustrates a sectional model 
for explaining the principle of the crystal growing device of 
the present invention, wherein 1: reactor tube of quartz or 
the like, 2: susceptor, 3: RF heating coil, 4: substrate on 
which the crystal grows , and 5 : inlet port of the MO gas, through 
which the feed stream, e.g., an organometallic compound gas 
diluted with gas or the like, is passed into the reactor 
tube. This crystal growing device is characterized by the 
reactor tube 1 containing the heating chamber 7 ' in which PH3 
or the like is pyrolyzed. The heating chamber 7' contains the 
heating element 7. The heating element 7 is made of a material 
showing no reaction with PH3 or the like in the heating chamber 
or otherwise coated with a material which shows no reaction 
with PH3 or the like. The heating element 7 is kept at 6 0CC 
or higher. This allows PH3, introduced through the PH3 inlet 
port 6, to be pyrolyzed into gaseous P4 and Hj. Having a high 
vapor pressure, e.g., 1mm Hg at 260**C and 10mm Hg at 370/*C, 
P4 can reach the point above the substrate without being 
solidified. The MO gas is pyrolyzed over the substrate surface 
to form the elementary metal, e.g.. In. It reacts with the 
P^ gas to foirm InP, which is separated out. Such a device 
prevents the reaction between TEIn and a hydrogenated compound 
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of a Group V element, e-g. , PH3. , securing growth of the crystal 
in a well-controlled manner. 
EXAMPLE 1 

Fig. 2 shows a crystal growing device as one of the 
embodiments of the present invention, wherein the reactor tube 
12 was made of quartz, and the section 62' in which PH3 was 
to be purolyzed in the PH3 inlet port 62 was also made of quartz. 
The substrate 42 was supported by the susceptor 22 made of 
graphite coated with SiC, and heated by the RF coil 32. The 
heating element 72 for pyrolyzing PH3 was a graphite block 
coated with SiC, and was heated, as necessary, by another RF 
coil 82. Shape of the heating element 72 is not limited to 
block, but may be fin-shaped running along the gas flow or 
provided with holes . 

In this embodiment, the substrate 42 and heating element 
72 were kept at 650 and 850 ""C , respectively, to grow the crystal . 
Growth rate of 0 . 3|Lim/minute was achieved at a TEIn/PH3 ratio 
of 10. 
EXAMPLE 2 

Fig. 3 illustrates another embodiment of the crystal growing 
device of the present invention, wherein the heater 73 was 
provided in the quartz tube closed at one end. The heater 73 
was electrically activated, to heat the quartz tube 83 and 
thereby to pyrolyze PH3. As a result, the same effect as in 
EXAMPLE 1 was observed. 
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EXAMPLE 3 

Fig. 4 illustrates still another embodiment of the crystal 
growing device of the present invention as a variation of the 
device of EXAMPLE 2, wherein the PH3 inlet port in EXAMPLE 2 
was replaced by the double tube comprising the tubes 64 ' and 
94'/ to pass Hj through the annular section. In this device, 
the quartz tube 64', indirectly heated by the heater 74 , was 
prevented from directly coming into contact with the cooled 
gas stream from the MO gas inlet tube 54. Therefore, 
solidification and deposition of P4 as the pyrolysis product 
on the inner walls of the quartz tube 64 ' could be prevented 
by keeping the tube at high temperature to some extent. At 
the same time, the outer quartz tube 94' could be kept at low 
temperature to control pyrolysis of the MO material on the outer 
walls . 

InP was found to grow at a well-controlled rate in the device . 
InASi.j^Pjt was grown by incorporating ASH3 in PHj, and found to 
grow also at a well-controlled rate, with control accuracy of 
±0.01 for each compositional ratio x. 

In the above tests, Hj was flown through the annual space 
between the inner and outer tubes. However, the space can be 
kept under a vacuum for better insulation. 

As described above, the present invention provides a 
crystal growing device for epitaxial growth of a compound 
semiconductor of Group III and V elements, based on the MO-CVD 
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method, wherein a hydrogenated compound of Group V element is 
pretreated for pyrolysis near the substrate on which the 
crystal is grown, in order to improve controllability of the 
crystal growth. This device brings a favorable effect of 
giving the high-quality compound semiconductor crystal of 
Group III and V elements. The above embodiments specifically 
used triethyl indium (TEIn) . It is particularly useful for 
growth of the crystals of In-containing compounds, e.g., InP, 
InASi.j^P,,, InAs, Ini.j, Ga^s^.yPy, and so on, although not limited 
thereto. For the compound of Group V element, a hydrogenated 
compound is mainly mentioned, but a lower alkyl compound is 
similarly applicable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l illustrates a sectional view for explaining the 
principle of the crystal growing device of the present 
invention^ and Figs. 2 to 4 sectional views of the respective 
embodiments of the crystal growing devices , wherein 1, 12 z 
reactor tube of quartz; 2, 22: susceptor; 3, 32: RF coil for 
heating the substrate; 4, 42: substrate; 5, 52: inlet port of 
the gaseous MO material; 6, 62: inlet port of the gaseous 
compound of Group V element; 62 ' , 63 ' : quartz tube for pyrolysis 
of the compound of Group V element; 7, 72: heating element 
(graphite or heater) ; 82: RF coil for pyrolysis of the compound 
of group V element; and 94: quartz tube (for heat shielding). 



